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ABSTRACT
Private well water is an essential resource in the state of Maine, as over 38% of
the state’s population relies on it every day (Johnson et al. 2020). Unprotected by the
provisions of the national Clean Water Act of 1974, which keeps public drinking water
sources safe through regulation, well owners have to protect themselves against harmful
environmental contaminants that threaten their water. However, as noted by research and
leaders in the drinking water field, well owners generally have low well testing
behaviors, leaving their safety up to fate. A common reason for this, as research as
observed more than once, is a lack of effective outreach and communication about the
risks well owners take by not testing their wells.
The research for this case study took place in the rural northern towns of
Glenburn, Levant, and Kenduskeag, Maine. By disseminating a survey to well owners,
this study aimed to compare observed testing behaviors to those established in prior
research, measure the extent of communication that these well owners had received, as
well as make recommendations on how leaders in the field could better communicate
with well owners. Results showed that the surveyed population had higher than expected
well testing, but low knowledge on testing and the risks that threaten them if they forego
it. Respondents also demonstrated that their experience with communication about their
well was very infrequent, however, that mail communications would be most effective
when deciding whether or not to test. Careful analysis of audience, as well as the
inclusion of specific and transparent information have been recommended to officials
who wish to increase well testing behavior.
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INTRODUCTION
What are Wells?
In Maine, drinking water wells are an essential tool for many of its citizens. Wells
are structures that are used to obtain water from below the ground (either from the
groundwater table or an aquifer) created by digging, drilling, or driving holes in the
ground. The two most common wells in Maine are dug or drilled wells. According to the
USEPA, dug wells are typically excavated below the groundwater table, are cased with a
hard, stone-based material, and are typically 10-30 feet deep (United States
Environmental Protection Agency [USEPA], 2021b). Drilled wells are created by a
rotary-drilling machine and can be hundreds or thousands of feet deep. Because of their
depth in the ground, drilled wells tend to have a lower risk of being contaminated
compared to dug wells (USEPA, 2021b). Both options provide homeowners in areas not
supported by a municipal water system with a convenient and natural in-home supply of
water.
The Need to Test Domestic Well Water
Private well owners in the United States (more than 44 million people) are
responsible for their own well maintenance and testing (Defend Our Health, 2022). They
are not covered by the provisions of the Safe Drinking Water Act of 1974, which
mandates certain protections of public drinking water systems by government agencies.
Most commonly, private wells get tested prior to the sale of a home, which is frequently
needed for lender qualification. Despite these facts, many well owners do not get their
well water tested regularly, which has been linked to financial and educational barriers
(Flanagan, 2016b).
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Since the Covid-19 pandemic, areas of public health have warranted an urgent
review. Private drinking water in Maine has been no exception. Maine as a state has the
highest percentage of its population reliant on well water, with 38.7% consuming well
water daily for drinking, bathing, and cooking (Johnson et al. 2020). It is predicted by
experts that more than 10 million people nationwide could be consuming well water
contaminated beyond the point of potability (Defend Our Health, 2022). In the state of
Maine, there are three main contaminants of concern that well owners should be aware
of:
Arsenic
Arsenic (As) is a naturally occurring element that enters drinking water from soils
and bedrock. In water, As comes in two main inorganic forms: As (III) and As (V).
According to the World Health Organization, inorganic arsenic is highly toxic and is a
known carcinogen. In the short term, exposure to high levels of arsenic can cause arsenic
poisoning, which is characterized by dyspeptic, muscular, and extremity-numbing
symptoms or death in extreme cases (WHO, 2018). More concerning are the long-term
effects of exposure to Arsenic in drinking water. Typically, long-term exposure presents
itself first in the forms of skin ailments, such as pigmentation alteration, lesions, and
hyperkeratosis (hard patches on the palms and soles of the feet). This can occur in as few
as five years (WHO, 2018). Research has also shown that long-term exposure can lead to
cancer of the skin, bladder, lungs, kidney, nasal passages, liver, and prostate, and has
been linked to several other health effects, including death (USEPA, 2021a). In Maine, it
is estimated that 1 in 10 wells contain too much arsenic (Division, 2022a). The primary
drinking water standard set by the United State Environmental Protection Agency
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(USEPA) and the Maine Center for Disease Control & Prevention (CDC) is 10
micrograms per liter (10µg/L). Tests for arsenic can identify how much arsenic is in a
well water sample, as well as the type of arsenic (III or V; called arsenic speciation
testing), as As (III) is 60 times more toxic than As (V) (Ratnaike, 2003). There are
several technologies that have been developed for removing arsenic from drinking water
sources, such as anionic exchange, reverse osmosis, and iron oxide filters (Maine.gov).
Radon
Radon is another naturally occurring contaminant that is common in Maine.
Radon is a radioactive element formed from the decay of uranium, thorium, and radium
in soil. It typically presents itself as a colorless, odorless, and tasteless gas, and it gets
trapped in water as it passes through soil. When water gets pumped through wells into
homes, the gas can escape and collects within. According to the USEPA, radon is the
second leading cause of lung cancer, and is the leading cause of lung cancer among nonsmokers (USEPA, 2022). Additionally, roughly 21,000 of total lung cancer deaths in the
US occur as a result of chronic radon inhalation.
In the EPA’s 2016 report A Citizen’s Guide to Radon, it was revealed that 1 out of
every 15 homes in the United States have high radon levels (USEPA, 2016). While most
radon exposure occurs as a result of radon seeping from soil into an open airspace below
Maine homes (i.e., crawlspaces) or cracks in foundations, water sources also contribute to
the amount or radon accumulated in indoor spaces. The state of Maine and USEPA’s
Maximum Exposure Guideline (MEG) for radon in well water is 4,000 picocuries per
liter (pCi/L). This is because for every 10,000 pCi/L of radon in water, 1 pCi/L of radon
is added to the air indoors, and the likelihood of contracting lung cancer from radon is
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roughly 1 in 100 when radon air levels reach 2 pCi//L. Having the MEG for radon in
water be 4,000 pCi/L then represents a 3 in 1,000 chance of getting lung cancer from
radon, as radon in water contributes about 20% of the radon gas in indoor air (Division,
2022b). There are many different types of radon mitigation systems, each adjusted for the
type of foundation (slab, crawl space, or basement) and whether it is for radon prevention
or reduction (USEPA, 2016).
Per- and Polyfluoroalkyl Substances (PFAS)
Per- and Polyfluoroalkyl substances (PFAS) are man-made compounds labeled
as contaminants of emerging concern by the USEPA due to their seemingly ubiquitous
presence and continually emerging health effects. Structurally, PFAS are made of carbon
chains of varying length on which one (poly-) or all (per-) of the hydrogen atoms have
been replaced with fluorine atoms (Buck et al., 2011, Gagliano et al., 2019). PFAS
bioaccumulate and biomagnify throughout the environment, with longer chain PFAS
accumulating in higher organisms within food chains (Gagliano et al., 2019). The bond in
PFAS between the carbon and fluorine atoms is the strongest bond in organic chemistry,
and because the bond is so hard to break, the chemicals remain in the environment and in
our food systems for a very long time, which is why these compounds are deemed
“forever chemicals.”
Functionally, PFAS were designed for the utilization of their hydrophobic and
lipophobic properties (water and oil repelling, respectively) in many consumer products
such as non-stick cookware, water-repellant clothing, and firefighting foams. However,
through the use of these products, degradation, and discharge from manufacturing plants,
PFAS have entered our waterways, soils, and atmosphere. While the family of PFAS
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makes up more than 4700 different compounds, the two most common compounds that
have been measured around the world are perfluorooctane sulfonic acid (PFOS) and
perfluorooctanoic acid (PFOA) (Gagliano et al., 2019). Although they were intended to
serve as chemicals for safety and convenience, PFAS have been found to be linked to
several concerning health conditions in humans.
Many studies have shown that PFAS exposure can lead to adverse health effects.
According to a review done by the US National Toxicology Program in 2016, PFOA and
PFOS are suspected of being immune hazards to humans based on evidence from human
and animal studies demonstrating that they suppress antibody responses (NTP, 2017).
The USEPA has suggested that there are probable carcinogenic links (strongest to kidney
and testicular cancer) to PFOA in humans as they accumulate in the body, as well as links
to several other conditions including high cholesterol, thyroid disease, pregnancy-induced
hypertension, and ulcerative colitis (Cheremisinoff, 2017). Many other studies have
found correlations of PFAS with health effects in children. Positive trends between PFAS
and postnatal weight gain and obesity have been established, as well as association of
PFAS exposure to reduced vaccine response and increased risk of contracting infectious
diseases (Cheremisinoff, 2017). PFAS have affected everyone, and although there is not a
concrete conclusion on who is affected by PFAS most, current research suggests that the
most vulnerable groups are children and the elderly.
In Maine, PFAS have become more of an emerging issue over the last 7 years. In
2016, the Maine Department of Agriculture, Conservation, and Forestry (DCAF) began
investigating PFAS contamination at farms when high levels of PFOS were found in
dairy products of a farm in the town of Arundel. Later in 2020, after the CDC created an
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Action Level for PFOS in milk of 210 parts per trillion (ppt), another strikingly
contaminated retail sample of milk was traced to a farm in Fairfield. The DEP went on to
test the drinking water at the farm and found the levels of PFAS to be well above the
national standard of 70 ppt (MEDACF, 2021). The cause was determined to be industrial
sludge that had been spread on the fields as fertilizer years prior when it was legal to do
so. Now, in warning the community, many residents in the area have discovered their
water sources were also well above the 70 ppt limit. The DEP has since expanded its
investigations statewide and has been finding more exposure sites, widening the scope
and complexity of known PFAS issues in Maine.
Literature Review
Testing Patterns, Behaviors, and Beliefs
Literature has focused on quantifying well owner awareness, as well as their
likelihood to test and factors that influence both. Three such papers have been written
over several years by Sara V. Flanagan, a geochemist from Columbia University. In
Flanagan et al.’s 2015 paper concerning influences on mitigation behavior and risk
exposure for well owners, a survey study was conducted to analyze their behaviors after
years of discovering that their well was contaminated with arsenic (As—a common and
malignant ground water contaminant). From the study, four predictors of mitigating for
As were determined:
•

Risk: What would be the effect on their health if they continued to drink the
water unmitigated?

•

Instrumental attitude: Would the mitigation system add to their home’s value?
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•

Affective attitude: Does the attitude about As exposure by those who have
mitigated their water lower the worries of those who have not done so?

•

Self-efficacy: Are the homeowners willing to maintain a treatment system, even
if there are extra costs?

The study also found that even in homes that had chosen to mitigate their wells, 15%
still had levels above the As maximum contaminant level (MCL) of 10ug/L,
demonstrating the need for continued testing regardless of mitigation (Flanagan et al.
2015).
In their two other papers from 2016, Flanagan and co-authors looked further into
these identified predictors of testing, as well as the role that socioeconomic status (SES)
plays in influencing these behaviors. The first paper, Influences on domestic well water
testing behavior in a Central Maine area with frequent groundwater arsenic occurrence
(2016a), found that 87% of well tests were found to have been done more than 5 years
prior to the study. Other trends that the study found was that homeowners with increased
education, income, and newer home age were more likely to include As in their last well
test. While homeowners agreed that exposure to As in drinking water is risky, they felt a
low vulnerability and tend to have low testing norms. Another set of four predictors was
generated for including As in testing:
•

Risk knowledge (knowing about As and health effects)

•

Action knowledge (knowing who to contact for testing and knowledge of the
process)

•

Instrumental attitude (feeling that testing and mitigating are not too time
consuming and are valuable)
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•

Descriptive norm (having neighbors that test regularly and think that testing and
mitigating is important)

Flanagan et al.’s later Aug. 2016(b) publication went on to tie these factors into a
study on how SES influenced testing for As, as there is an established inverse gradient of
an individual’s SES and their experience with environmental-risk health effects.
Examining both Maine and New Jersey, Flanagan et al. reviewed data on residential
location, testing and treatment behavior, and psychological factors that influenced
behaviors. The study found that the four predictors identified in Flanagan et al. 2016(b)
were positively associated with educational level and household income. They also found
that As exposure risk cannot be limited to spatial occurrence (rural v. urban), as low SES
groups are more likely to be exposed because of their lower chance of taking protective
actions against As contamination. These three papers were very relevant to my research,
as they all investigated motivations and barriers to well owners, as well as factors that
influence their decision making. These three studies also had very similar results to a
paper written in 2017 (Malecki), which looked at well stewardship patterns and
influences on well owners in Wisconsin. Malecki 2017 found that only about half of
respondents reported testing their wells ten years prior to the survey, with only 10%
testing in the 12 months prior. Further, income and geographic region were reported as
the most common predictors of testing and treatment, and aesthetics (i.e., Iron or
hardness) were more commonly reported as problems, rather than always safety
(Malecki, 2017).
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Communication
It has been recognized by Maine’s drinking water health officials that there is a lack
of communication about the well testing and mitigating process (Smith et al., 2021).
Some researchers have used environmental health literacy (EHL) as a measure of well
owner knowledge. Irvin et al. (2019) discusses the use of a new screening tool for
determining low EHL individuals. Specific to well owners, the Water Environmental
Literacy Level Scale (WELLS) was developed, tested, and proven to identify those of
low EHL. This study also demonstrated that education and income level were positively
associated with EHL. This measurement is helpful to know when communicating with an
audience, as approaches may be different depending on its EHL, education level, and/or
income level. Another important aspect of this type of communication is how risk
communication about contamination is delivered to well owners and how it influences
their testing behaviors. In McDonald (2020), whose study targeted residents with at-risk
wells in New Jersey, it was found that those well owners who got specific letters about a
contaminant exceeding the MCL in neighbors’ wells were more likely to test than those
who got a general letter about common contaminants in the region. Another source
relevant to this topic is the literature review Morris et al. (2016). This piece analyzed
behavior change and risk communication, identified common barriers to well owners, and
motivational strategies to encourage change. The results of the review found that
strategies for educational outreach communications are dependent on the population, but
that understanding the audience and the barriers they face is key to developing these
communications in an effective and motivational manner. This was also concluded in
Malecki (2017 p.1533): “Understanding the target population’s perceptions of risk and
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knowledge are important elements to consider in identifying vulnerable populations and
developing education and policy efforts to improve well stewardship.”
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METHODOLOGY
Research Questions
Research questions addressed in this case study are as follows:
1) Are well testing behaviors still consistent with patterns found in previous studies
(i.e., are a majority of well owners not testing their wells in a manner consistent
with EPA and state of Maine recommendations)?
2) What experiences do well-owners have with communication from the state of
Maine or public health NGOs about their well water?
3) How can these agencies communicate with Maine well owners more effectively?
Institutional Review Board
This student researcher completed an application with the University of Maine’s
Institutional Review Board (IRB) prior to conducting research involving human subjects
in order to distribute a survey on 7/29/2022. The IRB approval notification is in
APPENDIX A.
Well Owner Communication Survey
A survey was created to assess common knowledge of wells, testing, and
resources for well owners of the population in the study area. In order to encourage
submission of the survey, 20 free well tests (conducted by A&L Laboratory, Auburn,
Maine) were available by raffle for survey participants. On July 27th, 2022, 1300 letters
were sent to random addresses gathered from the 2021 tax commitment books from the
three towns [Glenburn (n=949), Levant (n=241), and Kenduskeag (n=110)]. The letter, in
APPENDIX B, contained information about the survey, as well as the raffle for the 20
free well tests. A QR code and written link were provided in the letter to allow
11

participants to take the survey online through the platform Qualtrics. Participants were
instructed to contact the researcher should they want to request a paper copy of the same
survey mailed to them for submission. A separate survey was created to collect
participant addresses for the raffle in order to keep personal information separated from
survey responses. Participants were given the month of August 2022 to respond and
submit the survey. Data collected from both the online and paper forms of survey
submission were compiled into Excel and processed to gather information about trends
within the survey population.
Measurement and Survey Structure
The 25-item Well Owner Communication Survey is in APPENDIX C. The survey
consisted of 21 multiple choice questions, 3 of which had “other”- fillable options for
responses not listed in the provided answers. When applicable, a Likert scale was used to
scale responses to survey research questions. One topic rating question was asked to
address the surveyed population’s familiarity on certain topics pertaining to well testing
and mitigation. Additionally, there was one open-ended question, asking participants how
long they had lived in their home.
Questions 1-10 were a general inquiry about the surveyed population’s testing and
mitigation habits, as well as their experience regarding communication about their wells
from government and non-government entities. Questions 11-15 and question 18
addressed the predictors of testing and mitigating for arsenic published in Flanagan et
al.’s 2015 and 2016 papers. Questions 16 and 17 were used as gauges of the surveyed
population’s opinions on state and federal recommendations for well testing, as well as
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their method preferences for communication. Questions 19-23 were used to gather
demographic information about the surveyed population.
Survey Area
The towns of Glenburn, Kenduskeag, and Levant were chosen as the survey area
for this study. All three towns are rural areas—without any public water supply—
adjacent to the Bangor area. Figure 1 below depicts the town areas in which the study
took place. These towns were chosen on the basis of their similarity to many rural Maine
towns, as the populations rely heavily on well water.
Figure 1.
A map of the towns where surveys were distributed in relation to Bangor (featured in the bottom right)
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Participants
Participants in this study met the following criteria: must be a permanent resident
with property in Glenburn, Levant, or Kenduskeag, and 18 years or older. Participants
were preferably the household member with the most responsibility when it came to
maintaining their property. Only one response per household was allowed. No other
demographics or characteristics were sought as criteria for qualifying to participate.
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RESULTS & DISCUSSION
Of the 1300 letters that were mailed, 49 survey letters had been returned from
addresses that were no longer correct, reducing the amount actually distributed to 1251.
Further, 117 surveys were submitted for the study. Three survey responses were
completely blank, leaving the total survey responses at 114 after filtering. This led to an
overall response rate of 9.11%.
Demographics
The results in Table 1 show that 111 participants owned and only three rented
their properties. This is important because property owners (or the landlords) are the
parties responsible for the maintenance of the property’s well. In the state of Maine, there
are no laws requiring private property owners to test their wells. However, home loan
lenders, such as Veterans Affairs (VA), Federal Housing Administration (FHA), U.S.
Department of Agriculture (USDA), and Rural Development (RD), may require home
buyers to test their wells for certain contaminants before a property is purchased (Water
Testing, 2022). As of January 2022, if a landlord in Maine owns a property with a private
well, they are required to test their wells for arsenic through an accredited laboratory
every 5 years. Additionally, they are required to share the results with tenants; however,
they are not required to mitigate any contamination (22 M.R.S. 601 §2660-Y).
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Table 1.
Detailed data on residential characteristics of the surveyed population (Question 1 & 2).

Detailed Residential Data
Rent or Own?
Rent

3

Own

111
How long have you lived in your home?

Mean

17.78 years

Range

<1-50 years

As seen in Table 2, Figure 2, and Figure 3, the surveyed population had a
median age range of 51-60 years old, was a majority Caucasian (91%), and most (87%)
received education or technical training after high school graduation, with 60% holding a
bachelor’s degree or higher. When analyzing household income according to Figure 4,
the median income bracket was $100,000 or more and 65.7% of respondents that reported
had yearly incomes of $60,000 or more. According to census data, the state of Maine’s
median age is 44.7 years, 94.2% of the state’s population is white, 32.5% of persons age
25+ have a bachelor’s degree or higher, and the median household income is $59,498
(United States Census Bureau, 2021). Comparatively, the surveyed population has a
similar race majority, and higher median incomes, ages, and education. Political
affiliation data was also collected from respondents. (Figure 5). The population was
closely split, with 27% claiming to be slightly or completely conservative, 23% slightly
or completely liberal, and 24% identifying as moderate (with the remaining 26% not
answering).
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Table 2.
Age Break Down of Respondents (Question 19).

Age Bracket

Number of Respondents

18-30

3

31-40

17

41-50

17

51-60

30

61-70

5

71+

20

Figure 2
Breakdown of Population by Identified Race (Question 20).
Hispanic or Latino,
1
Prefer not to
answer, 7

Multiracial or
Biracial , 2
White or Caucasian
Prefer not to answer
Hispanic or Latino
Multiracial or Biracial

White or Caucasian ,
102
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Racial
Demographic
Breakdown

Figure 3.
Breakdown of Population by Education Level (Question 22)
2%
11%
4%

33%

12%

11%

27%
12 grade or less
Trade/Technical Schooling
Associate's Degree
Post Graduate Degree

High School Diploma or Equivalent
Some College
Bachelor's Degree

Figure 4.
Breakdown of Population by Income (Question 21).

Pr
ef

Income Brackets

18

w
er
An
s

er
No
tt
o

10
0,
00
0+

8

80
,0
00
-9
9,
99
9

7

60
,0
00
-7
9,
99
9

20
,0
00
-3
9,
99
9

20
,0
00

4

16

15

11

40
,0
00
-5
9,
99
9

Number of Responses

50

Figure 5.
Breakdown of Population by Political Ideology (Question 23).

16%

26%

Liberal

7%

Slightly Liberal
Moderate
Slightly Conservative

16%

24%

Conservative
Prefer not to answer

11%

Testing Behaviors and Beliefs
Testing Behaviors
Most respondents (83%) reported that they or their landlord do not perform
annual testing of their wells (Figure 6). However, 61% of respondents stated that they
have tested their wells in the last 5 years (Figure 7). In addition, only 13% of respondents
have lived in their homes for 5 years or less, indicating that there is testing being done
beyond the point of sale for lender qualification. When testing was completed, and results
showed that a contaminant came back above the maximum contaminant level, 65% of
respondents stated that they took mitigative action (Figure 8). The state of Maine
recommends that wells be tested yearly for bacteria, nitrates, and nitrites. In addition,
they recommend that wells have comprehensive testing done every five years (Division,
19

2022c). The respondent population had higher overall testing behaviors than expected by
the student researcher, despite having low annual testing scores.
Figure 6.
Responses to whether or not the property owner conducts annual testing (Question 3).

DO YOU OR YOUR LANDLORD CONDUCT REGULAR
ANNUAL TESTING OF YOUR WELL WATER?

Not Sure
2%

No
83%

20

Yes
15%

Figure 7.
Length of time since respondents’ last well test (Question 4).
50

45

44

40

35

Number of Responses

30
27
25

20

15

10

9

10

11
9

5
3

0
In the last year

1 year ago

2 years ago

3 years ago

4 years ago

Length Since Last Well Test

21

5 years ago

Not Sure

Figure 8.
How many respondents mitigated a well issue after test results showed that a contaminant came back
above a maximum contaminant level (MCL) (Question 5).

23%

12%

65%

Yes

No

22

Unsure

Testing Beliefs
Part of this survey was designed to analyze the population’s predictors of testing
that were identified by Flanagan et al. 2016(a): risk knowledge, action knowledge,
instrumental norm, and descriptive norm. These predictors were significantly influenced
by the RANAS (Risk, Attitude, Norms, Ability, and Self-regulation) health behavior
change model, which looks at the multitudes of different barriers beyond just risk
perception that influence the change of a specific health behavior. The research-backed
rationale behind using this model to analyze testing behavior is concluded clearly in their
paper: “actually testing well water is different from knowing the need for it” (Flanagan et
al. 2016a, p. 4). Where Flanagan et al.’s research focused heavily on including arsenic as
a tested item, similar predictors were used to analyze this population’s attitude toward
testing in general.
The first predictor was risk knowledge, which in this case is how much one
knows about the risks involved with not testing their wells. Results of the survey
indicated that 58% of the respondent population had a slight to high awareness of how to
get information on local contaminants, while 42% were completely unaware (Figure 9).
Additionally, when asked to rate their familiarity on testing topics from 1-5 (1 being
completely unfamiliar and 5 being very familiar), a majority of respondents were
completely unfamiliar. As seen in Table 3, when represented as a percentage of
respondents, the topics of state well water testing recommendations (49.11%),
contaminants in the respondent’s area (49.11%), and health risks of commons
contaminants (1 rating = 29.46%, 2 rating = 28.5%) all represented areas of unfamiliarity.
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These data suggest that the respondent population had a low-risk knowledge associated
with risks, and that close to half were unaware of how to gain that information.
The second predictor, action knowledge, was represented in this survey by
questions that examined respondents on their confidence about getting their wells tested:
60% responded that they were confident or extremely confident (Figure 10). Similarly,
this was reflected when a majority of participants responded they were very familiar with
how to get their well tested (43.75%) when they were asked to rate their familiarity on
the same 1-5 scale mentioned above (Table 3).
The next predictor was instrumental attitude, which describes the respondent’s
attitude toward the value of well testing. 47% of respondents felt that annual well testing
was necessary or extremely necessary, and additionally another 40% felt it to be slightly
necessary (Figure 11). When asked to consider the necessity of maintaining their private
well to the standards of statewide recommendations through testing, many felt that
following state health recommendations was necessary (57.5%) compared to the others
who felt that it was unnecessary (42.5%) (Figure 12). However, when asked about the
affordability of testing, many respondents (53%) were unsure about how much water
testing cost (Figure 13). An additional 30% felt that testing was affordable, while 16%
felt that it was very expensive (Figure 13). While it appears that the population is aware
that water testing and health recommendations are important, there also seems to be some
ambiguity, such as in the affordability and the health risks potentially associated with not
testing annually, that seem to conflict with their thoughts but certainly impact their actual
observed testing behaviors.
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The last predictor, descriptive norm, is an individual’s knowledge or perception of
a social norm about how others around them test. Flanagan et al.’s 2016(a) paper
concluded that the social norm of knowing others who had tested was represented more
strongly in more highly educated households. This predictor was examined by question
13 in the survey, and the results are displayed in Figure 14. When analyzing the data
represented in Figure 11, no correlation could be made when looking at more highly
educated respondents. However, most respondents answered, regardless of SES status,
that some (n=63, or 56%) to none (n=47, or 42%) in their community regularly test their
wells. This trend seen in Flanagan et al. was not observed in this study, although it should
be noted that this trend is reflective of the respondents’ actual testing behaviors observed
in the study.
Figure 9:
Awareness of where to find information concerning local contaminants (Question 12).
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Figure 10.
Levels of confidence when it comes to getting well tested (Question 11).
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Table 3.
Responses of perceived familiarity with certain topics pertaining to well testing and mitigation (%). The
following table depicts the percent distribution of responses (n=112) to survey question 18, “Rate the following topics
based on your familiarity with the topic (5 stars being very familiar, 1 being completely unfamiliar).”

Ratings (% Responses)
1

2

3

4

5

how to get your well tested

12.5

9.82

16.96

16.96

43.75

state of Maine well water testing
recommendations
contaminants in your area

49.11

24.11

15.18

4.46

7.14

49.11

24.11

18.75

3.57

4.46

health risks of common
contaminants in Maine
contaminant relief strategies (such
as water softeners or other water
treatment systems)
resources for well owner
contaminant relief

29.46

28.57

23.21

11.61

7.14

23.21

22.32

25.89

13.39

15.18

59.82

20.54

11.61

5.36

2.68

Figure 11.
Respondents' belief on the necessity of testing their well water annually (Question 15).
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Figure 12.
Respondent views to the question of following state recommendations for a private resource (Question 16).

Figure 13.
Respondents’ perception about the price of well testing (Question 14).
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Figure 14.
Perceptions about the frequency of well testing by others in their community (Question 13).

None

47

Some

63

Most

1

All

1
0

10

20

30

40

50

60

70

NUMBER OF RESPONSES

Respondents’ Experience with Well Communications
Generally, the experience of the respondents with communication about their well
has been slight. 85.8% of respondents indicated that they had never received any
communication about their well from a government or non-government agency (Figure
15). There were 16 responses that showed respondents had received non-government
(n=6), federal government (n=1), state government (n=4), and local government (n=5)
responses. When asked what form(s) of communication respondents had received, the
most frequent medium was a letter (Figure 16). Additionally, when asked if the
communication made them concerned about their well water, 14 responded saying that it
did (Figure 17), and 12 responded that the communication influenced them to get their
well water tested (Table 4). Although respondents did not recall much communication
about wells, it seems that of those who recalled receiving communication were impacted
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by it. There could have also been respondents who received a communication, but it was
discarded, or they do not remember receiving it, further skewing data.
Figure 15.
Respondents’ experience with communication about their well and sources of said communication
(Question 7).
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5
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Figure 16.
The types of communications that residents have received concerning testing their wells (Question 8).
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Figure 17.
Responses to question 9, "Did the communication make you concerned about your well water?"
9
8

Number of Responses

7
6
5
4
3
2
1
0
Extremely Concerned

Concerned

Slightly Concerned

Not Concerned

Table 4.
Responses to, “Did the communication prompt you to get your well water tested?” (Question 10).

Response
Yes
No

Number of Respondents
12
71

Communication of Resources
In summary, many feel that testing their well as recommended is necessary and
that they are confident they would know how to do so. However, the respondent
population in this case study also appears to have low risk knowledge concerning well
testing. Additionally, there are clear gaps of knowledge about local contaminants, state
testing recommendations, mitigation strategies, and the affordability of well testing.
There are clearly some educational barriers concerning the process of testing, hazards,
and available resources for Maine well owners. More effective communication could help
solve this problem.
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When reviewing research on this topic, clear and effective communication is a
general solution that has been concluded more than once. Flanagan et al.’s earliest paper
on this topic in 2015 concluded that clear, specific communication is needed to influence
homeowners to reduce their exposure and risk to arsenic. Additionally, Morris et al. 2016
noted that understanding audience barriers and motivational strategy is important when
communicating about well testing. Most recently, in 2020, MacDonald & Tippett
indicated that the more specific the communication, the better. Their study dealt with
well owners in a region of New Jersey and seeing how different specificities within
communications impacted their arsenic testing behavior. They concluded that more
localized information on contaminants within a communication increased the chances of
prompting testing (MacDonald & Tippett, 2020). Generally, these papers agreed on one
thing, that more information on how to effectively communicate with well owners about
testing is needed. In the words of one paper, “well owners clearly need more support and
guidance to navigate [well testing] ...” (Flanagan et al. 2015, p.1089).
Resources Available for Maine Well Owners
There are many resources available to help Maine well owners gather more
information on local well contaminants and testing recommendations, one of which is the
Maine Tracking Network. Run by the Maine CDC, this database is a platform where
citizens can view information about local health topics, such as cancer rates, birth
outcomes, air quality, tick-borne diseases, and private well water contaminants. In the
well water section, maps, tables, and graphs can be made to see dispersal of water quality
contaminant measures, homes on well water, and even testing behaviors (Maine Tracking
Network, 2021). This tool was created in 2006 nationally, and funds have been dispersed
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to states so they can also maintain their local tracking network (Maine Tracking Network,
2021). A related resource is the Maine CDC Well Water Quality webpage. The online
website has videos, tip sheets, and links to other sites, all containing information to help
educate well owners on contaminants, how to mitigate for them, and even more
foundational information about interpreting well water test results or how to test well
water (Division, 2022d). These are two great online resources that the Maine CDC has to
help Mainers improve their environmental health literacy generally, as well as increase
their knowledge of contaminants and how they are spatially disbursed through the state.
Another organization that has similar resources is the Maine Ground Water
Association. The mission of the association is to “assist, promote, encourage and support
the interests and welfare of the groundwater industry in all of its phases in the State of
Maine” (Maine Ground Water Association, 2022). This organization brings together
experts in well services, such as testing, mitigation, drilling and pump system contractors,
to educate its members and the public about groundwater in Maine. They hold zoom
meetings and other social events to help encourage the sharing of knowledge across
leaders in the industry. Additionally, for the public, they have resources and contact
information on their website to help connect leaders to those who want to learn more or
have specific concerns that need to be addressed about their well water.
Financial resources are out there for Mainers who need assistance with mitigating
their well systems. The Maine State Housing Authority, an independent entity created by
the state to promote safe and affordable home ownership and rental opportunities, now
offers a Well Water Abatement Program. This program was designed to help provide
clean drinking water to lower-income households, aiding with initial remediation projects
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with grants as high as $15,000 (Maine State Housing Authority, 2022). The State of
Maine 130th Legislature also passed LD 1891, An Act To Continue Supporting Safe
Drinking Water for Maine Families in May of 2022. This act created a $400,000 fund to
assist eligible single-family homes or landlords with mitigation assistance after showing
proof of contamination by providing one-time grant funds (Maine 130th, 2022). Last, a
similar program to these has been established to specifically assist citizens of Washington
and Hancock counties by Downeast Community Partners. Supported by the Department
of Housing and Urban Development (HUD), the Community Development Block Grant
helps eligible households with repairs to wells and water treatment systems (Downeast
Community Partners, 2022). These funds come in the form of both grants and loans,
depending on specific applicant details.
Clearly there are a lot of resources available to well owners, mainly online, that
can help expand their knowledge about their well and topics surrounding it. Likewise,
there are sufficient resources available to promote mitigation of private well water for
low-income Mainers who need it. However, as observed in this case study and other
research, these types of resources do not seem to be well communicated to the people
who need it most.
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Recommendations
Public Health Agencies
One recommendation that this and prior research warrants is a re-evaluation of
current state educational and outreach programs. According to Maine state statute 22
§2660-V:
Within available resources, the department shall revise and update its education
and outreach materials as needed and conduct educational outreach regarding
residential private drinking water wells, including the need to conduct testing for
contaminants or properties specified pursuant to section 2660-T through a
laboratory certified pursuant to section 576, the potential health effects of those
contaminants or properties and options for water treatment to reduce the level of
those contaminants or properties. (22 M.R.S. 601: §2660-V)
While health campaigns about these types of topics can be difficult and
expensive, there has to be a way that these resources allocated for the purpose of
education and outreach can be more effectively used. Re-evaluating these funds and
current programs that exist could help increase the success of changing testing and
mitigating behavior, as well as elevate the EHL of Mainers concerning their wells and
contaminants of note. One specific step in the re-evaluation process would be how to
engage citizens in different areas to learn about their preferences for communication. For
example, in this case study, the preferred method would have been a letter (Figure 18).
This would make sense for the area (or at least the respondents) because of their older
age. Additionally, mail communications, having become more uncommon, can stand out
more than electronic communications. Having this type of localized communication and
engagement information would benefit not only this field, but also many others with
respect to public health.
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Figure 18.
Respondents’ opinion on what form of communication would be most influential in making them decide to
test their well (Question 17).
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The development of a comprehensive information booklet for well owners by
either government or non-government agencies would seem to be of good use for mailing
purposes. Creating a hands-on resource for homeowners to hold onto could be helpful to
communicate informational and financial resources, contacts, and quick facts. This type
of communication could be updated yearly, and sent as a reminder to do annual testing,
thus incorporating available resources into a communication that would serve as a
reminder as well. This type of communication could be helpful for other entities too, such
as for testing laboratories, local government offices, and real-estate agents, to better
educate them as trusted leaders as well as to increase the likelihood of the communication
being effective.
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Maine Accredited Laboratories
The state of Maine has eight accredited laboratories that offer comprehensive
testing for private well owners. In going through their websites, it was determined that
only three of them had published pricing lists, while the others had only the message to
call for quotes. This certainly explains the data observed in Figure 12, as many
respondents were unsure of the pricing of well tests. The average cost for different test
packages containing more than one type of analysis among the three labs was $111.50,
with a range of analyses priced from $95.50-$139.00. This certainly cannot be regarded
as a cheap fee. Additionally, there seems to be a lack of transparency about pricing, and
certainly releasing prices would make more homeowners feel that they have options for
testing. They also would probably be more likely to decide to test without the wall of
having to call and receive a quote for testing their well. Therefore, requiring pricing to be
available for this type of public health tool is really important in changing the health
behaviors surrounding testing and mitigating.
Limitations
This study certainly had many limitations. The survey covered a small area of the
state and cannot be considered representative of the entire state, though some data agrees
with existing research. There were not any statistical analyses conducted on data to prove
significance in correlations between any of the data. The surveys also relied on selfreporting and could be impacted by recall bias. Further, the data seemed biased towards
higher socioeconomically (income and education), white/caucasian property owners who
may be more likely to opt into a research survey. Every population has different
motivators and barriers, so this research is specific to the area studied, not the entire state.
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Also, a significant number of respondents did not submit income or political information,
so it was difficult to make conclusions about income and political affiliation in relation to
testing predictors.
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CONCLUSION
Research findings identified that the respondent population had high confidence
surrounding well testing and higher overall testing behaviors, though annual testing and
knowledge surrounding well testing and environmental hazards to well water were
seemingly low. More research is certainly needed in the area of communication to well
owners, as well as trials with health campaigning efforts to try to increase well testing.
Clearly current efforts are not communicating information that relates to well owner
knowledge about the risks they take by not testing, as well as the values that testing (and
if needed, mitigating) can have for them and their home. As a matter of environmental
injustice, it is unfortunate that a gap exists between well owners and the provisions of the
Clean Water Act that guarantees safe drinking water for citizens on public water. Safe
drinking water is a human right, and something that many predict could be hard to come
by in the future. It should be the responsibility of Maine state public health officials and
community leaders to do all they can to protect the safety of drinking water for all, rather
than some.

39

BIBLOGRAPHY
Buck, R.C., et al. (2011, Jul. 5). Perfluoroalkyl and Polyfluoroalkyl Substances in the
Environment: Terminology, Classification, and Origins. Integrated
Environmental Assessment and Management, Vol. 7. 4. Pg. 513-541.
https://setac.onlinelibrary.wiley.com/doi/epdf/10.1002/ieam.258?src=getftr
Cheremisinoff, N.P. (2017). Perfluorinated Chemicals Contaminants of Concern.
Scrivener Publishing.
https://ebookcentral.proquest.com/lib/umaine/reader.action?docID=4756289
Center for Disease Control and Prevention. (2022). Radon and Your Health. CDC.
https://www.cdc.gov/nceh/features/protect-home-radon/index.html
Center for Disease Control and Prevention. (2014). Private Water Systems. CDC.
https://www.cdc.gov/healthywater/drinking/private/index.html
Defend Our Health. (2022). Close the Loophole on Household Wells. Defend Our Health.
https://defendourhealth.org/campaigns/safe-water/household-wells/
Division of Environmental and Community Health (2022a). Arsenic. Maine.gov.
https://www.maine.gov/dhhs/mecdc/environmentalhealth/dwp/consumers/arsenic.shtml#:~:text=The%20most%20cost%20effective
%20method,water%20through%20a%20special%20membrane.
Division of Environmental and Community Health. (2022b). Frequently Asked
Questions: 4000 pCi/L MEG for Radon in Well Water. Maine.gov.
https://www.maine.gov/dhhs/mecdc/environmentalhealth/eohp/realestate/radonmegfaq.htm
Division of Environmental and Community Health. (2022c). Private Well Water Safety
and Testing. Maine.gov. https://www.maine.gov/dhhs/mecdc/environmentalhealth/eohp/wells/mewellwater.htm
Division of Environmental and Community Health. (2022d). Well Water Quality.
Maine.gov. https://www.maine.gov/dhhs/mecdc/environmentalhealth/eohp/wells/index.htm
Division of Public Health Systems. (2022). Arsenic. Maine.gov.
https://www.maine.gov/dhhs/mecdc/public-health-systems/health-andenvironmental-testing/arsenic.htm

40

Downeast Community Partners. (2022). Home Repair and Weatherization. Lifespan
Opportunities in Washington and Hancock Counties.
https://www.downeastcommunitypartners.org/services/house-andhome/info.php/Home-Repair-6/
Flanagan, S.V., Marvinney, R.G., Johnston, R.A., Yang, Q., & Zheng, Y. (2015).
Dissemination of well water arsenic results to homeowners in Central Maine:
Influences on mitigation behavior and continued risks for exposure. Science of
The Total Environment, Vol 505, 1282-1290.
https://doi.org/10.1016/j.scitotenv.2014.03.079
Flanagan, S.V., Marvinney, R.G., Zheng, Y. (2016a). Influences on domestic well water
testing behavior in a Central Maine area with frequent groundwater arsenic
occurrence. Science of The Total Environment, Vol. 505, 1274-1281.
https://doi.org/10.1016/j.scitotenv.2014.05.017
Flanagan, S.V., Spayd, S.E., Procopio, N.A., Marvinney, R.G. Smith, A.E., Chillrud,
S.N., Braman, S., & Zheng, Y. (2016b). Arsenic in private well water part 3 of 3:
Socioeconomic vulnerability to exposure in Maine and New Jersey. Science of
The Total Environment, Vol 562, 1019-1030.
https://doi.org/10.1016/j.scitotenv.2016.03.217
Gagliano, E., et al. (2019). Removal of poly- and perfluoroalkyl substances (PFAS) from
water by adsorption: Role of PFAS chain length, effect of organic matter, and
challenges in adsorbent regeneration. Water Research, Vol. 171. 115381.
https://doi.org/10.1016/j.watres.2019.115381
Irvin, V., Rohlman, D., Vaughan, A., Amantia, R., Berlin, C., & Kile, M. (2019).
Development and Validation of an Environmental Health Literacy
Assessment Screening Tool for Domestic Well Owners: The Water
Environmental Literacy Level Scale (WELLS). International Journal of
Environmental Research of Public Health, Vol. 16 (iss.5), 881.
doi: 10.3390/ijerph16050881
Johnson, T.D., Belitz, K., & Lombard, M.A. (2020). Domestic Wells in the United States.
USGS. https://ca.water.usgs.gov/projects/USGS-US-domesticwells.html#:~:text=Over%2038%25%20of%20the%20population,over%201.5%2
0million%20people%20combined.
MacDonald, K., & Tippett, M. (2020). Reducing public exposure to common, harmful
well water contaminants through targeted outreach to highly susceptible
neighborhoods as a method of increasing the likelihood of testing and treatment of
water from private wells. Journal of Water and Health, Vol. 18 (iss.4), 522-532.
https://doi.org/10.2166/wh.2020.059

41

Maine 130th Legislature (2022). LD 1891: An Act to Continue Supporting Safe Drinking
Water for Maine Families. Maine Legislature.
http://www.mainelegislature.org/legis/bills/getPDF.asp?paper=HP1401&item=7&
snum=130
Maine Department of Agriculture, Conservation & Forestry (MEDACF). (2021). Perand Polyfluoroalkyl Substances. Maine.gov.
https://www.maine.gov/dacf/ag/pfas/index.shtml#:~:text=The%20Fund%20to%2
0Address%20PFAS,their%20land%20and%2For%20water
Maine Geological Survey. (2022). Well Water Database. Maine Department of
Agriculture, Conservation & Forestry.
https://www.maine.gov/dacf/mgs/pubs/digital/well.htm#mapsearch
Maine Ground Water Association. (2022). Resources. Mainegroundwater.org.
http://www.mainegroundwater.org/resources2.html
Maine State Housing Authority. (2022). Well Water Abatement Program. Maine
Housing. https://www.mainehousing.org/programsservices/HomeImprovement/homeimprovementdetail/well-water-abatementprogram
Maine Tracking Network. (2021). Private Well Water. Maine Center for Disease Control
and Prevention. https://data.mainepublichealth.gov/tracking/datatopics/privatewells
Malecki, K. M. C., Schultz, A.A., Severston, D.J., Anderson, H.A., & VanDerslice, J.A.
(2017). Private-well stewardship among a general population based sample of
private well-owners. Science of The Total Environment, Vol 601-602, 1533-1543.
https://doi.org/10.1016/j.scitotenv.2017.05.284
Morris, L., Wilson, S., & Kelly, W. (2016). Methods of conducting effective outreach to
private well owners – a literature review and model approach. Journal of Water
and Health, Vol. 14 (iss.2), 167-182. https://doi.org/10.2166/wh.2015.081
National Toxicology Program (NTP). (2017). Annual Report for Fiscal Year 2016. US
Department of Health and Human Services.
https://ntp.niehs.nih.gov/annualreport/2016/2016annualreportdownload.pdf
Ratnaike, R.N. (2003). Acute and chronic arsenic toxicity. Postgraduate Medical
Journal, Vol 79 (iss.933), 391-396. http://dx.doi.org/10.1136/pmj.79.933.391
Smith, A., Waterston, L., Lachance, A., Lundy, R., Woodbury, S. (2021, Nov. 10).
Health Equity Dialogue. University of Maine Augusta. Zoom.

42

United States Environmental Protection Agency. (2021a). Chemical Contaminant Rules.
USEPA. https://www.epa.gov/dwreginfo/chemical-contaminantrules#:~:text=EPA%20set%20the%20arsenic%20standard,term%2C%20chronic
%20exposure%20to%20arsenic
United States Environmental Protection Agency. (2021b). Learn About Private Water
Wells. USEPA. https://www.epa.gov/privatewells/learn-about-private-water-wells
United States Environmental Protection Agency. (2022). Health Risk of Radon. USEPA.
https://www.epa.gov/radon/health-risk-radon
United State Environmental Protection Agency. (2016). Consumer’s Guide to Radon
Reduction: How to Fix Your Home. USEPA.
https://www.epa.gov/sites/default/files/201612/documents/2016_consumers_guide_to_radon_reduction.pdf
United States Census Bureau. (2021). QuickFacts: Maine. U.S. Census Bureau.
https://www.census.gov/quickfacts/fact/table/ME/PST040221#PST040221
Water for Human Consumption. 22 M.R.S. 601: §2601-§2660-Y.
https://www.mainelegislature.org/legis/statutes/22/title22ch601sec0.html
Water Testing Services LLC. (2022). Why is Water Testing Required for Loans and
Refinancing? Water Testing Services LLC.
https://www.watertestingservicesllc.com/documents/Why%20is%20water%20test
ing%20required.pdf
World Health Organization. (2018). Arsenic. WHO.
https://www.who.int/news-room/factsheets/detail/arsenic#:~:text=Long%2Dterm%20exposure%20to%20arsenic,incre
ased%20deaths%20in%20young%20adults.

43

APPENDICES

44

APPENDIX A: INSTITUTIONAL REVIEW BOARD APPROVAL LETTER

IRB 2022_05_01 – Approval

Mon, Jun 27, 2022

REF: Assessing State Communication of Resources and Education Effectiveness for Well
Owners in Rural Maine: A Case Study
Dear James,
The study referenced above has final approval to begin. The study was
judged exempt from further review under Category 2 of the regulations. As a study in this
category, no further communication with the IRB is required, unless you need a
modification.
We keep applications in this category for five years and then destroy them, but we will
confirm with you that the study is completed prior to destruction. Or you can close the
study before the 5 year period if it is completed by notifying the IRB office via
email.
Any proposed changes to the research must be approved by the IRB prior to
implementation. Instructions on how to submit a modification can be found on
the IRB website.
Attached to this email is the approved application and approval notice.

Good luck with the study!
-Sandra Cáceres Tijerina, M.S., M.Ed.
Research Compliance Officer I
University of Maine
Alumni Hall Room 309
207-581-1459
https://umaine.edu/research-compliance/
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APPENDIX B: Participant Recruitment Letter

James C. Greenwood
1 Black Bear Lane
Orono, Maine 04473

17 July, 2022
Dear Resident:

I am writing to you today concerning the contents of this letter. I am an undergraduate
student at the University of Maine Orono, majoring in Ecology and Environmental
Sciences and planning to graduate in May of 2023. Under the guidance of my faculty
sponsor and advisor Dr. Robert Klose, Professor of Honors at the University of Maine, I
am doing research in the towns of Glenburn, Levant, and Kenduskeag regarding the
knowledge of well owners and their experience with external communications regarding
their well water. You have been selected to participate in my research because your
primary residence is in one of the three towns listed above, as indicated by your
homestead exemption in your town’s tax commitment book from 2021. This is also
where I got your contact information.

Below is a QR code and link that will bring you to an online survey that will take 10-15
minutes of your time. You must be 18 years or older to respond to this survey. In
exchange for your time, I am entering all participants who return surveys and raffle
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tickets into a contest to win 1 of 20 free Basic + Arsenic well water tests provided by A
& L Laboratories. These tests gather information about contaminants, safe drinking water
levels, and where your drinking water lies compared to standards. An additional survey
that collects your contact information separately from your responses will follow at the
end of the survey, and winners will be notified once randomly selected. These tests
provide analyses for many contaminants and safe water parameters. More information
about these tests can be found on the A & L website
https://www.allaboratory.com/.
Please return surveys by August 31st, 2022.
If you could please take time to return this survey, it would mean a lot to me. If you
would rather take a paper version of the survey and still enter, please contact me by
phone at (207)-754-8815, or by email at james.greenwood@maine.edu, and I will be sure
to send one out to you. Either form of survey response (online/mail-in) will allow for
raffle entry.
Survey Link: https://umaine.qualtrics.com/jfe/form/SV_9n3pt5aa0h4qQgC

Thank you for your time,

James Greenwood
University of Maine Orono Class of 2023
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APPENDIX C: INFORMED CONSENT
Informed Consent
You are invited to participate in a research project being conducted by James Greenwood, an
undergraduate student in the Department of Ecology and Environmental Sciences at the
University of Maine and principal investigator of this project. The faculty sponsor of this project
is Robert Klose, Ph.D., Professor of Honors for the University of Maine. The purpose of the
research is to measure the effectiveness of communication and outreach from state government
and non-government agencies to well owners, as well as to make recommendations to improve
that communication. You must be at least 18 years of age to participate, and must be a resident of
Glenburn, Levant, or Kenduskeag.

What Will You Be Asked to Do?
If you decide to participate, you will be asked to submit an anonymous survey on well
owner communication and awareness. It may take approximately 10-15 minutes to
participate.
Risks
Except for your time and inconvenience, there are no risks to you from participating in
this study.
Benefits
While this study will have no direct benefit to you, this research may help us learn more
about how state entities can attain effective outreach to well owners to improve their
testing and mitigation awareness and private well water quality.
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Compensation
By returning a survey and the separate contact information raffle ticket postcard, you will
be entered to win a free “Basic + Arsenic” well test courtesy of A&L Laboratory in
Auburn Maine. Your chances of winning in the raffle are 2%, though the odds are likely
to be higher depending on the number of surveys returned.
Basic information (your name and address, date of payment, value of payment, my name
as researcher) will be given to a university office for tax reasons:
- Employee of UMaine (including student employee): Information will be sent to the
Human Resources Department. The value of the compensation may be added as wages
and subject to taxation.
- Non-Employee: Information will be sent to the Purchasing Department. If you receive
$600+ during a calendar year (January 1 – December 31) from participating in UMaine
research projects, Form 1099 will be generated and mailed to you. If you do not receive
that much money, information will be destroyed at the end of the calendar year (i.e.,
December 31st).
Confidentiality
Your name will not be on any of the data. Only the principal investigator (James
Greenwood) and faculty sponsor (Robert Klose) will have access to the data. All
electronic data will be removed from the PI’s computer and kept indefinitely on an
external thumb drive held by the PI on 12/31/2022. Contact information on the raffle
ticket and all paper surveys will be destroyed on 12/31/2022. Your name or other
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identifying information will not be reported in any publication or used in future research.
Contact information from the online Qualtrics raffle information survey will be deleted
on 12/31/2022.
Voluntary
Participation is voluntary. If you choose to take part in this study, you may stop at any
time without penalty. You may skip any questions you do not wish to answer.
Contact Information
If you have any questions about this study, please contact me at (207-754-8815,
james.greenwood@maine.edu). You may also reach the faculty advisor on this study at
(207-262-7954, klose@maine.edu). If you have any questions about your rights as a
research participant, please contact the Office of Research Compliance, University of
Maine, 207-581-2657 (or e-mail umric@maine.edu).
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APPENDIX D: WELL OWNER COMMUNICATION SURVEY

Question 1: How long have you lived in your home?
Question 2: Do you rent or own?
Rent
Own
Question 3: Do you or your landlord conduct regular annual testing of your well water?
Yes
No
Not Sure
Question 4: To your knowledge, how long has it been since your well water was last
tested?
In the last year
1 year ago
2 years ago
3 years age
4 years ago
5 or more years ago
Not Sure
Question 5: If any test results came back above the maximum contaminant level (MCL),
did you take steps to correct the issue?
Yes
No
Not Sure
N/A
Question 6: What are the Maine CDC’s recommendations for well water testing?
Once a year for bacteria and nitrates and a comprehensive test every five years
Twice a year for bacteria and nitrates and a comprehensive test every two years
Once a year for bacteria and nitrates and a comprehensive test every three years
A comprehensive test every three years
Twice a year for bacteria and nitrates and a comprehensive test every four years
Not Sure
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Question 7: Have you ever received communications advising you to test your well water
from (check all that apply)?
State government
Local government
Non-government organization
None
Not Sure
N/A
Question 8: If so, what was the form of communication (select all that apply)?
Letter
Email
Phone call
Face to face conversation
Local forum
Conference
None
Other: _________________________
Question 9: Did the communication make you concerned about your well water?
Extremely concerned
Concerned
Slightly concerned
Not concerned at all
N/A
Question 10: Did the Communication prompt you to get your well water tested?
Yes
No
Question 11: Do you feel confident that you would know who to contact and how to get
your well water tested?
Extremely confident
Confident
Slightly confident
Not confident at all
Question 12: Do you feel you are aware of or know how to find information about well
water contaminants in your area?
Highly aware
Moderately aware
Slightly aware
Unaware
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Question 13: Do you think that others in your community regularly test their well water
in accordance with state
recommendations?
I think that all in my community regularly test their well water
I think that most in my community regularly test their well water
I think that some in my community regularly test their well water
I think that none in my community regularly test their well water
Question 14: Do you feel that annual testing is affordable?
Very expensive
Affordable
Inexpensive
Unsure
Question 15: How necessary do you feel annual testing is?
Unnecessary
Slightly unnecessary
Necessary
Extremely necessary
Question 16: Where your well water is a private resource, do you feel it is necessary that
you follow state recommendations for testing?
Unnecessary
Slightly unnecessary
Necessary
Extremely unnecessary
Question 17: What form of communication for you as a homeowner would make you
most likely to consider testing your well water from government and non-government
organizations?
Letter
Email
Phone call
Face to face conversation
Local forum
Conference
Other: ________________________
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Question 18: Rate the following topics based on your familiarity with the topic (5 being
very familiar, 1 being completely unfamiliar):
_____ how to get your well tested
_____ state of Maine well water testing recommendations
_____ contaminants in your area
_____ health risks of common contaminants in Maine
_____ contaminant relief strategies (such as water softeners or other water treatment
systems)
_____ resources for well owner contaminant relief
Question 19: What age range do you fall into?
18-30
31-40
41-50
51-60
61-70
71+
Question 20: Which of the following best describes you (Please select one)?
Asian or Pacific Islander
Black or African American
Hispanic or Latino
Native American or Alaskan Native
White or Caucasian
Multiracial or Biracial
Other: _______________
Prefer not to answer
Question 21: What is your average estimated household income?
Between $20,000-$39,999
Between $40,000-$59,999
Between $60,000-$79,999
Between $80,000-$99,999Between $100,000 or more
Prefer not to answer
Question 22: Education (highest degree completed)?
12th grade or less
Graduated high school or equivalent
Trade or technical training
Some college, no degree
Associates degree
Bachelor’s degree
Post-graduate degree
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Question 23: Generally, do you usually think of yourself as liberal or conservative?
Liberal
Slightly liberal
Moderate
Slightly conservative
Conservative
Prefer not to answer
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